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Materials and Methods

Cloning of truncated rEagl (rEaglA) and Calmodulin (CaM)

DNA encoding rat Eagl (rEagl) was synthesized by Genewiz Inc. To improve the
biochemical stability of rEagl, residues 773-886 from the C-terminus were removed with
overlap PCR. First, N-terminal (residues 1-772) and C-terminal (residues 887-962)
fragments with complementary ends were amplified with these primers (bold indicates
complementary overhangs and italics indicates restriction sites used for cloning): rEagl1-
772_For - TCTCGAGCCACCATGGCTACT, rEagl1-772_Rev -
CTGCTCTGGAATAGGGTAGAAGGAGACAGGAGTGGCTGG, rEag1887-
962_For - CCAGCCACTCCTGTCTCCTTCTACCCTATTCCAGAGCAG, and
rEag1887-962_Rev — TTAAGAATTCGAGGAAGCACCGAAGAT. Then the fragments
were combined with primers rEagl1-772_For and rEag1887-962_Rev to amplify the
entire truncated construct. EcoRI and Xhol sites were used to clone rEaglA construct into
a BacMam expression vector (43) with a C-terminal green fluorescent protein (GFP)-His,

tag.



DNA encoding vertebrate CaM was cloned into the BacMam expression vector with a C-
terminal stop codon directly after the coding sequence, which allowed for expression of

CaM without a tag.

Electrophysiology of rEaglA

Chinese hamster ovary (CHO) cells, cultured in DMEM-F12 (Gibco) with 10% FBS,
were transfected with the rEaglA expression plasmid with the FuGENE HD transfection
reagent (Promega). 24hrs following transfection, the media was replaced with bath
solution and experiments were performed at room temperature using either whole cell or
inside-out patch clamp techniques with polished borosilicate glass pipettes with
resistance between 2-4 MQ2. All recordings were measured with pClamp10.5 software
(Molecular Devices), an Axopatch 200B amplifier (Molecular Devices), and an Axon
digidata 1550 digitizer (Molecular Devices). Recordings were filtered at 1kHz and

sampled at 10 kHz.

To determine the V5 value for rEaglA, whole cell recordings were measured by holding
the cells at -80mV, stepping to depolarized voltages up to 80mV in 10 mV steps, and then
stepping back to -80mV. Normalized tail current vs. voltage was plotted for 4 separate
recordings and fit with a Boltzmann function. The bath solution was 10mM HEPES pH
7.4,60mM KCI, 95mM NaCl, ImM CaCl, and the pipette solution was 10mM HEPES

pH 7.4, 165mM KCI, 5mM EDTA.



To investigate the effect of holding potential on activation time for rEaglA, whole cell
recordings were measured by holding cells for 500ms at increasing holding potentials
from -150mV to -50mV in 20mV steps followed by a step to 40mV. The bath solution
was 10mM HEPES pH 7.4, 15mM KClI, 140mM NaCl, 1mM CaCl, and the pipette

solution was 10mM HEPES pH 7.4, 165mM KCI, 5mM EDTA.

To investigate CaM inhibition of rEaglA, the inside-out patch configuration was used.
The bath and pipette solution was 10mM HEPES pH 7.4, 15mM KClI, 140mM NaCl,
5mM EDTA, 4.94mM CaCl, (10uM free Ca®*). Patches were pulled in the presence of
10uM free Ca**, which promotes binding of endogenous CaM to rEagl (I8), then a
10mM HEPES pH 7.4, 165mM KCI, 5SmM EDTA, 4.94mM CaCl, (10uM free Ca®™)
solution was locally perfused and current was measured by holding at -80mV and
stepping to 80mV in 20 mV steps. Then a 10mM HEPES pH 7.4, 165mM KCl, 5mM
EDTA solution was locally perfused to remove free Ca®* and recordings were measured

with the same protocol.

Expression and purification of rEaglA bound to CaM

Bacmids were generated for rEaglA and CaM with DH10Bac E. coli cells. SF9 cells in
Grace’s media supplemented with 10% FBS were transfected with bacmid DNA using
the cellfectin II reagent (Invitrogen) to produce baculovirus. Then the baculovirus was

amplified in 1L suspension cultures of SF9 cells at 27°C.



1L cultures of HEK293S GnTT at 3x10° cells/mL in Freestyle 293 media (Gibco)
supplemented with 2% FBS were infected with both rEagl and CaM amplified virus at a
4:1 rEagl:CaM ratio. Infected cells were incubated at 37°C for 18hrs and expression was
induced by adding 10uM sodium butyrate. After addition of sodium butyrate, the cells

were incubated at 30°C for 48hrs then harvested (43).

4L of cell pellet was resuspended in lysis buffer (20mM Tris pH 8, SmM CaCl,, 1pug/ml

leupepetin, 1pg/ml pepstatin, ImM benzamidine, 1pg/ml aprotonin, 0.01mg/ml DNase,
ImM PMSF), incubated at RT with stirring for 20min, and centrifuged for 40min at
35,000xg. Pellets were resuspended in extraction buffer (50mM Tris pH 8, 300mM KCl,
5mM CaCl,, 2% n-Dodecyl-B-D-Maltopyranoside (DDM), 0.4% Cholesteryl
hemisuccinate (CHS), 0.1mg/ml 3:1:1 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine
(POPC):1-palmitoyl-2-oleoyl-sn-glycero-3-phosphoethanolamine (POPE): 1-palmitoyl-2-
oleoyl-sn-glycero-3-phospho-L-serine (POPS), 1ug/ml leupepetin, 1pg/ml pepstatin,
ImM benzamidine, 1pg/ml aprotonin, 0.01mg/ml DNase, ImM PMSF), incubated at 4°C
for 2hrs with stirring, and centrifuged for 90min at 35,000xg. The supernatant was added
to CNBR-activated sepharose beads (GE healthcare) coupled to a nanobody with high
affinity for GFP (GFP-NB) (44) and incubated for 3hrs at 4°C. The beads were washed
with wash buffer (20mM Tris pH 8, 300mM KCl, 5mM CaCl,, 0.2% DDM, 0.04% CHS,
0.Img/ml 3:1:1 POPC:POPE:POPS) first with and then without 10mM MgCl, and 5SmM
adenosine triphosphate (ATP) to remove bound heat shock proteins. The washed beads
were incubated overnight at 4°C with PreScission protease (10:1 w/w ration) to remove

the GFP tag from rEaglA. The protein was eluted with wash buffer, concentrated, and



purified on a Superose 6 column (GE healthcare) equilibrated with 20mM Tris pH 8,
300mM KCl, 5SmM CaCl,, 5mM Dithiothreitol (DTT) 0.05% DDM, 0.01% CHS,
0.05mg/ml 3:1:1 POPC:POPE:POPS. Peak fractions of rEaglA bound to CaM (Figure
S1) were pooled and concentrated to 4mg/ml for single particle cryo-EM structure

determination.

EM sample preparation and imaging

Cryo grids were prepared with a Vitrobot Mark IV (FEI). Quantifoil R1.2/1.3 holey
carbon grids (Quantifoil) were glow-discharged for 10s. Then 3.5ul of 4mg/ml rEaglA
bound to CaM was pipetted onto the grids, which were blotted for 4s at 86% humidity
and frozen in liquid nitrogen cooled liquid ethane. The grids were loaded onto a 300keV
Titan Krios (FEI) with a Gatan K2 Summit direct electron detector (Gatan). Images were
recorded with Serial EM (45) in super-resolution counting mode with a super resolution
pixel size of 0.65A and a defocus range of 1.5 to 3.0pum. Data were collected with a dose
of 10 electrons per physical pixel per second (pixel size of 1.3A at the specimen) and
images were recorded with a 15s exposure and 300ms subframes (50 total frames) to give

a total dose of 90 electrons per A% (1.8 electrons per A2 per subframe).

Image processing and map generation

Dose fractionated subframes were 2 x 2 binned (giving a pixel size of 1.3 A), aligned,
and summed using Unblurr (46). The contrast transfer function was estimated for each
summed image using CTFFIND4 (47). From the summed images, approximately 5,000

particles were manually picked and subjected to 2D classification in RELION (48)



specifying 20 classes. The three projection averages of the most populated classes were
used as templates for automated picking in RELION. The automatically selected particles
were manually inspected to remove false positives, resulting in a data set of 240,000
particles. The 240,000 particle images were subjected to 2D classification in RELION
specifying 150 classes and the lowest populated classes were removed resulting in a data
set of 215,000 particles. The best classes were used to generate an initial model with C4
symmetry using EMAN?2 (49), which was subsequently used as a starting model for the
3D classification in RELION. The 215,000 particles were classified into 6 classes and
each class had a similar number of particles and resolution. As a result, all 215,000
particles were combined for 3D refinement in RELION producing a map at 3.96A
resolution estimated by gold standard FSC at the 0.143 cutoff criteria. The refined
particles were subjected to further rounds of 3D classification without image alignment,
which produced a subset of 145,000 particles that generated a map at 3.86A resolution
estimated by gold standard FSC at the 0.143 cutoff criteria. The 145,000 particle data set
was further refined in FREALIGN (50) with a resolution limit of 6.0A to prevent
overfitting of high-resolution terms. The gold standard FSC, calculated by comparing two
independently determined half-maps from FREALIGN, estimated a nominal resolution of
3.78A at the 0.143 cutoff criteria (Figure S1) (57). This map was used for model building

and refinement (Figure S2, S3, S4).

To improve the portion of the map corresponding to CaM, the 145,000 particle data set
was subjected to 3D classification in FREALIGN with a resolution limit of 8. 0A. Of the

5 resulting classes, 1 of the classes, corresponding to 42,000 particles, displayed



improved CaM density. This subset of particles was refined in FREALIGN with a 6.0A
resolution limit, producing a map with a nominal resolution of 3.92A estimated by gold
standard FSC at the 0.143 cutoff criteria. This map, which showed the linker between the

CaM N- and C-lobes (Figure S9), was used to build the CaM region of the structure.

Model building

The model for rEagl bound to CaM was built in Coot (52). For model building,
BFACTOR .EXE (written by Nikolaus Grigorieff) was used to sharpen the maps from
FREALIGN to different b-factor values. For figure generation and deposition, the EM
density map amplitudes were scaled using a map calculated from the refined atomic
model of rEagl in DIFFMAP.EXE (written by Nikolaus Grigorieff) and low-pass filtered
to the nominal resolution indicated above or to the resolution explicitly stated in the

figure legend.

For the PAS and CNBHD domains, the crystal structure of the PAS/CNBHD complex
from mouse Eagl (PDB ID 4LLO0) (/6) was fit into the map and regions that did not agree
with the map were rebuilt. Regions of the PAS and CNBHD not observed in the crystal
structure, which included residues 10-15, 136-205, 693-696, and 704-722, were built de-
novo (Figure S7). The S1-S6 segments (residues 206-484) and the C-linker (residues
485-521) were built de-novo. For CaM, the crystal structure of vertebrate CaM/Ca’* in an
extended conformation (PDB ID 1CLL) (53) was split into N-lobe (residues 5-75) and C-
lobe (residues 81-147) fragments and individually fit into the map as a rigid body. The

linker between the N- and C-lobes (residues 76-81) was built using the map with



improved CaM density. The model is mostly complete except for residues 1-9,407-411,
697-703, and 723-849 (unstructured C-terminus) of rEagl and residues 1-5 and 147 of
CaM. The majority of the side chains were removed from lower resolution regions,
including residues 136-205 (C-terminus of the PAS domain), 305-325 (S3b and the top of

S4),704-722 (C-terminus of CNBHD), and the CaM.

Model refinement and validation

Real and reciprocal space refinement of the model in p4 crystallographic symmetry with
one monomer per “asymmetric unit” was conducted using phases and amplitudes
extracted from one of the independently calculated half maps generated by FREALIGN.
At the end of refinement, Fourier shell correlations (FSC) were calculated between the
refined model and the half map used for refinement (work), the other half map (free), and

the full map to assess over fitting (Figure S4).

To minimize computation during refinement of the model, both the model and the half
map were translated into a box that extended 5A away from the model and map in each
direction (54). Then the model was refined against the working half map in real space
using PHENIX real space refine (55) with secondary structure restraints. Following real
space refinement, the working half map was solvent flattened by creating a 3A mask
around the model and setting the regions of the map outside of the mask to 0 (54).
Structure factors were calculated for the solvent flattened working half map (54) and the
model was refined against the working half map in reciprocal space using Refmac (56,

57) (Figure S4). ProSMART was used to generate secondary structure restraints used



during reciprocal space refinement (58). Figures were generated with Chimera (59),
Pymol (The PyMOL Molecular Graphics System, Version 1.8 Schrédinger, LLC.),
HOLE (60), APBS (61, 62), and the Bsoft package (63) and structure calculations were

performed with the SBgrid suite of programs (64).



Figs. S1-S9
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Fig. S1. Single-particle cryo-EM structure determination of rEaglA bound to CaM. (A)
SDS-PAGE gel of rEaglA fractions from the final gel filtration column (molecular
weight standards are in kDa). rEaglA and CaM co-elute demonstrating a strong binding
interaction. (B) Representative micrograph of rEaglA bound to CaM in vitreous ice
(scale bar = 500 A). (C) 10-highest populated classes from 2D classification (scale bar =
100 A). (D) Gold standard FSC of rEaglA bound to CaM channel. The gold standard
FSC was calculated by comparing the two independently determined half-maps from
FREALIGN. The dotted line indicates the 0.143 FSC cutoff which corresponds to a
nominal resolution of 3.78 A. (E) Orientation distribution of particles in the final
reconstruction. Each column indicates one view and the number of particles in each view
is indicated by the size and color of the column (larger columns colored red contain a
higher number of particles).
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Fig.S2. Cryo-EM density map of rEaglA bound to CaM. Cryo-EM maps filtered at 3.78
A are colored based on the corresponding rEagl domains (A) (PAS is orange, VS is
yellow, S5-S6 is green, C-linker is red, CNBHD is cyan, and CaM is purple) or local
resolution (B). Slices of the transmembrane domain (top panel) and intracellular domains
(bottom panel) colored by local resolution are shown on the right.
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CNBHD (3-sheet
Residues 571-575,
Pore helix Selectivity filter and S6 C-linker a-helices 592-596,
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Fig. S3. Regional cryo-EM density of rEagl A bound to CaM. Representative density
(filtered at 3.78 A) for all regions of the rEag] structure. PAS domain is orange, VS is
yellow, S5-S6 is green, C-linker is red, CNBHD is cyan (the intrinsic ligand or the
portion of the Eagl sequence that occupies the cyclic nucleotide binding site shown as
yellow), and CaM is purple.
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Fig. S4. Structure validation of the rEagl atomic model. (A) FSC cross validation
between the rEagl model and the half map used during refinement (working set, red), the
other half map (free set, blue), and the full map (black). (B) Refinement statistics for the
rEagl model.



Fig. S5. Structure of the extracellular turret. The turret is colored green (TH-turret helix)
and S5, S6 and pore helix (PH) are colored grey. N388 and the attached N-acetyl
glucosamine are represented as sticks with green C, blue N, and red O.
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253 - - - - - TTRSTTVSDIAVEILBIIDIITLNFRTTYVSKSGQVIFEARSICIHYVTTWEFI LIAALPIFDLLYAFNVTV--=------- 323
256 - - - - AARGPPSVCDLAVEVLEBILDIVLNFRTTFVSKSGQVVFAPKSICLHYVTTWFLLBYV IAALBFDLLHAFKVNV--------- 327
258 - - - - ITSRHTLVSDIAVEMLIBILDIILNFRTTYVSQSGQVISAPRSIGLHYLATWFF LIAALPIFDLLY IFNITV--------- 329
212 YNSNIFTDPFFIVETLCI IWBSFELVVRFFAC- - - -------- SKT- DIEFKNIMNF v IBYFITLGTEIAEQE------- 277
213 QQSTSFTDPFFIVETLCI IWBSFEFLVRFFAC- - - - - ------ SKA- GEFTNIMNI v IBYFITLGTELAEKPE----- - 279
286 AGASSFSDPFFVVETLCI IWBSFELLVRFFAC- - --------- SKA- TIESRNIMNL 1V IBYFITLGTELAERQ- - - - - - - 351
362 SGHT I FNDPFFIVETVCIVWEBSFEFVVRCFAC- - - -------- SQA- LIEFKNIMN I IVSIHELBIYFITLGTDLAQQQGG- - - - - 429
315 LLPRTLADPFFIVETTCV IWEBT FELLVRFFAC----------- SKA- GIESRNIMN | VvV FRIYFITLGTELAEQQPG- - - GG384
254 LGGSFFTDPFFLVETLCIVWETFELLVRFSAC----------- SKP- AIEFRNIMN I LV FRIYFITLGTELVQQQEQQPASG326
262 LSQTMFTDPFFMVESTCIVWEBT FELVLRFVVC----------- SKT- DIEFRNIMN I I ISIEITBYFATLITELVQET------ - 327
222 - -QSTDNPQLAHVEAVC I AWBTMEYLLRFLSS----------- KKW- KIEFKGP LNA LL LBIYYVT IFLTESN- - ------- 283
226 - -QLNDNRQLAHVEAVC I AWBTMEYLLRFLSS----------- NKW- KIFEFKGP LNV LL LBIlYYVT IFLTESN--------- 287
236 YREAETEAFLTY IEGVCEVVWET FEFLMRV I FC- - - - - - ----- NKV- EFITKNSLNI FV LPIFYLEVGLSGLSS-------- 300
273 QYEI ETDPALTYVEGVEVVWET FEFLVRIVFS- - - -------- NKL- EFITKNLLNI FV LPIFYLEVGLSGLSS-------- 337
339 NVEVETEPFLTYVEGVCEVVWET FEFLMRITFC- - - - ------- DKV- EFLKSSLNI CV LPIFYLEVGLSGLSS-------- 403
272 RREVETEP ILTY I[EGVEVLWETLEFLVRIVCC- - - -------- DT L-DEVKNLLNI FV LPIFYLEVGLSGLSS-------- 336
222 PCGERFPQAFFCMDTACVLIBTGEYLLRLFAA- - - -------- SRC- RIFELRSVMS L VvV LBYY I GLLVPKN-=---=------ 284
220 PCGERYAVAFFCLDTACVMIBTVEYLLRLAAA- - - - - - - - - - - SRY-REVRSVMS | VvV LBIYY I GLVMTDN- - - - - - - - - - 282
217 PCGERYSVAFFCLDTACVMIBTVEYLLRLFAA- - --------- SRY-REIRSVMS | VvV MBIYY | GLVMTNN- - - - - - - - - - 279
215 - - NRVEHPTLENVETACIGWEBTLEYLLRLFSS----------- NKL-HFALSFMNIVBV L LPIFYVSLTLTHLG--------- 276
260 - HCSQMCHNVFIVESVEVGWEBSLEFLLRLIQA- - --------- SKF-AFLRSPLTL LV LPIlYY I TLLVDGAAAGRRKP- - - 328
210 - ECSPKCRSLFVLETVEVAWEBSFEFLLRSLQA- - - -------- ESKC- AELRAPLNI | LALLPIFYVSLLLGLAAGP- ----- - 274
212 YSAGPGREPSGI IEAICIGWEBTAECIVRFIVS----------- KNKC- EFVKRPLNI LL TRYYISVLMTVFTGE- - - - - - - 277
254 - ECSRKCYY I FIVET ICVAWEBSLEFCLRFVQA- - - - ------- QDKC-QFFQGPLNI IL SBIYYVSLAVSEEPPEDGER- - - 322
151 - - - - LATGTLFWME/IVLVVFEGTEYVVRLWSAGCRSKYVGLW--GRL-RFARKP IS LIVVVASMVVLCVG--S--------- 217
121 - - - - SSEGALYILEIVTIVVEGVEYFVRIWAAGCCCRYRGWR- - GRL-KIFARKPFCV IMVLIASIAVLAAG- - S--------- 187
151 ---VSGDWLLLLETFAIFIBGAEFALRIWAAGCCCRYKGWR--GRL-KIFARKPLCMLIBII FVLIASVPVVAVG--N--------- 217
127 - - - - LANECLLILEFVMIVVEGLEY I|IVRVWSAGCCCRYRGWQ- - GRF- RIFARKPFCV FIVFVASVAVIAAG- - T--=------- 193
155 - - - - LASSCLLILEFVMIVVEGLEFI I IWSAGCCCRYRGWQ- - GRL- RIFARKP FCV TIVLIASIAVVSAK--T--------- 221
235 - - SWLDLQLLEILEYVCISWEBTGEFVLRFLCV----------- RDRC- RIELRKVPN I LL LPIFY I TLLVESLSGS------- 298
293 EGGPDLRP I LEHVEMLEMGFIBT LEYLLRLAST- - - -------- DLR- RIFARSALNLVBLYV LPILYLQLLLECFTGEGHQR- - - 362
263 PEGVRDDPVLRRLEYFCIAWEBSFEVSSRLLLA- ---------- STR- NFEFCHPLNL IVSVLPIFYLTLLAGVALGD- ----- - 328
220 - - NPGEDPRFEIVEHFGIAWEBT FELVARFAVA- - - - ------- DFL- KIEFKNALNL LMSIV FYITLVVNLVV--------- 281
216 - - - EVDDPVLEGV IA.IAW TGELAVRLAAA- - - -------- CQK- KIEWKNP LN I FVS FYATLAVDTKE--------- 276
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S4-S5 linker Turret
s4 s
1 2 3 4 5

316 - - --DEGISSLFSSLEKVVRILLRILGRIVARKILDHY I EYG- - - - - - - - - - AAVILV VCVFGLAAHWMAC IWY SIGDYEIFDEDTKT | 386
313 ----DEGISSLFSSLKVVRILLRILGRIVARKILDHYLEYG- - ------- - AAVILV VCVFGLVAHWLACIWYSIGDYEVIDEVTNT I 383
519 - - - - ----- ELIGLEKTARILLRILVRIVARKLDRIYSEYG- - -------- AAVILF MCTFALIAHWLACIWYAIGNMEQPH- ---MD 580
367 ETTTLIGLEKTARILLRILVRIVARKLDRYSEYG- --------- AAVILF MCTFALIAHWLACIWYAIGNVERPY---- LE431
518 - - - - - - ETTTLIGLEKTARLLRLVRIVARKLDRYSEYG- - -------- AAVIEM MC | FALIAHWLACIWYAIGNVERPY---- LT582
VSLVHLLKTVRILLRILLRILLQK QHS---------- TIVILT MSMFALLAHWMAC IWYVIGKMEREDNSL- LK 389
-YFGAHLLKTVRILLRILLRILLPR QYS---------- AVVILT MAVFALLAHWVACVWFY IGQREIESSES- EL 393

330 - - - - - - - - TSLVHLLEKTVRILLRILLRLLQKI|LERYSQCS---------- AVVILT MSVFALLAHWMAC IWYV IGRREMEAND- P LL 39
278 - GNQKGEQATSLAILRV IRILVRV FRII FK- QT LKASMR G IFFLFIGVILESSAVYFAEAE---------- 350
280 - DAQQGQQAMSLA I LRV IRILVRV FRII FK- QT LKASMR G IFFLFIGVILESSAVYXFAEAD- --------- 352
352 - G- - NGQQAMSLA LRV IRILVRIV FRII FK- QT LKASMR G IFFLFIGVILESSAVYFAEAD- --------- 422
430 - GNGQQQQAMSFAI LRI IRILVRV FRII FK- HT LRASMR G IFFLFIGVILESSAVYFAEAD- - -------- 502
385 GGGQNGQQAMSLAI LRV IRILVRV FR{I FK- KT LQASMR G IFFLFIGVILESSAVYFAEAD- --------- 458
327 GGGQNGQQAMSLA LRV IRILVRIVFRII FK- KFLQASMR G IFFLFIGVILESSAVYFAEAD- - -------- 400
328 - E-PSAQQNMSLAITER I IRILVRIV FRII FK- QT LKASMR G IFFLFIGVILESSAVYFAEVD---------- 399
284 - - KSVLQFQNVRRVVQ I FRIIMRII LRI LK- FTLRRSYN G ILFLAMGIMIESSLVFFAEKDE- - ------- 356
288 - - KSVLQFQNVRRVVQ I FRIIMRI LRIl LK- FTLRRSYN G ILFEAMGIMIESSLVFFAEKDE- - ------- 360
301 - - - - - KAAKDVLGFLRVVRIFVRII LRII FK- HTLRASTN L I 'FEALGVLIFATMIYYAERI|IGAQPNDP- - - 376
338 - - - - - KAAKDVLGFLRVVIRIFVRII LRI FK- HTLRASTN L I FLALGVLIFATMIYXYAERVGAQPNDP- - - 413
404 - - - - - KAAKDVLGFLRVVIRIFVRII LRI FK- HTLRASTN L I FEALGVLIFATMIXYAER | GADPDDI- - - 479
337 - - - - - KAARDVLGFIERVVRIFVRII LRII FK- HTLRASTN L I FEALGVLIFATMINYYAERIGARPSDP- - - 412
———————— DDVSGAFVTLRIVFRVFRI FK- YTLKSCAS GFBLFSLTMAI | IFATVMFYAEKG- - -------- 350

- EDVSGAFVTLRIVFRVFRI FK- YTLKSCAS GFBLFSLTMAI I IFATVMFYAEKG- - - ------ - 348

- EDVSGAFVTLRIVFRVFRII FK- YTLKSCAS GFEILFSLTMA I | IIFATVMFYAEKG- - - ------- 345

277 - - ARMMELTNVQQAVQALRIIMRII ARII FK- YALKRSFK G LMYLAVG I FV SALGITM QSH--------- 349
329 - GAGNSYLDKVGLVLERVLRALRILYVMR- LTARRCTREFG LLFECVAIALFAPLLNYV NEM- - - - - - - - - 402
275 - - GGTKLLERAGLVILRLLRIALRIVLY VMR- LTMRRCARIEFG LLFECVAMALIFAPLVHLAEREL--------- 347
278 - - - - NSQLQRAGVTLRVLRMMRII FWV | K- LTLKRCYREMVMBLVFICVAMAIEFESALSQLLEHGLD- ------- 349
323 -PSGSSYLEKVGLVIERVLRALRILYVMR- LTIVRRCTREFG LLF.A\/AITL SPLVYVAEKES--------- 396
218 - - - - KGQVF-ATSAIRGIRIFLQILRIMLH- VD SVVFIHRQ ITTLYIGFLGLIFSSYFVYLAEKDAVN------- 289
188 - - - -QGNVF- ATSALRSLRFLQILRMIR- SVVYAHSK VTAWY IGFLCLILASFLVYLAEKGE--------- 257
218 - - - -QGNV- - LATSLRSLRFLQILRMLR- SAICAHSK ITAWY IGFLTLILSSFLVYLVIEKDVPEVDAQ- - - 292
194 - - - -QGNIF-ATSALRSMRIFLQ | LRIMVR - SVVYAHSK ITAWY IGFLVLIFASFLVYLAEKDA- -------- 263
222 - ---QGNIF-ATSALRSLRFLQILRMVR- SVVYAHSK ITAWY IGFLVLIFSSFLVYLVEKDA--------- 291
299 - -QTTQELENVGRIVQVLRILLRALRMLK - MT I TQCY EEVG LLF.SVGISI STVEYFAEQSI--------- 371
363 -GQTVGSVGK\/GQV.RVM LMR I FRII LK- FTLRQCYQQVGCBLLFIAMGI| FTESAAVYSVEHDV- - ------ - 436
329 - -QGGKEFGHLGKVVQVFRILMRI | FRIV LK - ATLKHSYREVGIBLLYLAVGVSVESGVAYTAEKEE--------- 401
282 - - ESTPTLANLGRVAQVLRILMRI | FRII LK- AT LKYSYKIEVG LLYESVGISIESVVANYT | EKEE--------- 354
277 - - EESEDI ENMGKVVQ I LIRILMRII FRII LK - AT LRHSYHIEVG LLFESVGISIESVLINMSVEKDD--------- 349

-
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Fig. S6. Sequence alignment for the transmembrane region (S1-S6) of human voltage-
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gated potassium channels. S1-S6 of human Eagl are identical to rat Eagl. Helix and loop
annotations are based on the rEag1 structure. The 5 positive charges on S4 and the PVP
hinge are indicated.
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Fig. S7. Intracellular domains. (A) Subunit organization of the intracellular domains.
Extracellular view of the intracellular domains with each subunit colored differently. (B)
Structure of rEagl PAS domain. Structural elements not observed in previous crystal
structures are shown in orange. The orange sphere indicates the N-terminus and the
yellow sphere indicates the connection to the VS. (C) Structure of rEagl C-linker (red)
and CNBHD (cyan). The top two helices of the C-linker are from the neighboring
subunit. The portion of the rEagl sequence that occupies the cyclic nucleotide-binding
site (Y672 and L674) is shown as sticks with yellow C and red O. (D) Electrostatic
surface potential of the rEagl intracellular vestibule.
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Fig S8. Comparison of Eagl and K,1.2-2.1 VS. (A) Superposition of the Eagl VS
(yellow) and the K, 1.2-2.1 VS (grey) shown in stereoview. The S1 helix of the VS was
used for superposition. Interaction between S1 (yellow), S4 (yellow), and S5 (green) in
Eagl (B) and K, 1.2-2.1 (C). Images are shown in stereoview and the S4-S5 linker is red.



rEag1 Conformation Alternate Conformation

Fig. S9. Evidence for the proposed orientation of CaM binding. (A) The propose
conformation of CaM binding to rEagl, in which the CaM N-lobe (blue) binds to the
PAS domain (orange) and the CaM C-lobe (red) binds to the CNBHD (cyan). In this
orientation the distance between the N and C-lobes of CaM is approximately 12.4 A, a
reasonable distance for the 5-residue linker between the lobes (residues 76-80). In
addition, through further 3D classification density for the 5-residue linker was observed
in a subset of particles (the cryo-EM map is filtered at 5 A). B. In the alternate
conformation, in which the CaM N-lobe binds to the CNBHD and the CaM C-lobe binds
to the PAS domain, it would be impossible for the 5-residue linker to span the 24.4 A
distance. Furthermore, we did not observe density for such a linker.



